ABSTRACT -The objective of this work was to evaluate the biomass production and antioxidant enzymatic system activity of irrigated forage sorghum with saline aquaculture effluent under different leaching fractions. The experiment was conducted in the Caatinga Experimental Field of the Embrapa Semiarido, in Petrolina, State of Pernambuco, Brazil. The experimental design was a complete randomized block in a split-plot arrangement with four replications, consisting of three forage sorghum varieties (Volumax, F305 and Sudan) and four leaching fractions (0, 5, 10 and 15%). The vegetal materials were collected when the plants were at the soft-dough stage. The biomass production and activity of the enzymes superoxide dismutase, catalase and ascorbate peroxidase were evaluated. Irrigation with saline aquaculture effluent with leaching fraction of 15% results in low salinity level in the root zone and higher biomass production of forage sorghum Sudan and F305, in semiarid conditions. The antioxidant system was activated in the three sorghum varieties to prevent accumulation of reactive oxygen species, with the synchrony between the enzymes superoxide dismutase and catalase resulting in a better productive response of the varieties Sudan and F305.
INTRODUCTION
Saline water is often the only water found in arid and semiarid regions. The greater the amount of salts in the water, the more severe is this abiotic stress and damage to plants, therefore, techniques to minimize this stress through irrigation is very important. Irrigation with saline water considering the leaching fraction aims to leach salts and prevent salinization in the root zone, which limits crop yield (ARAGÜÉSA et al., 2014) .
More tolerant species and cultivars to the adverse conditions of semiarid regions have been used to increase the productive potential of these regions. In this context, forage sorghum production has increasing in recent years in the Brazilian semiarid region, since it is a typical hot climate plant, with xerophilous characteristics, low soil fertility requirement and tolerance to abiotic stresses, such as water deficit and salinity (GUIMARÃES et al., 2016; HEFNY; ABDEL-KADER, 2009 ).
Semiarid regions usually have high temperatures, water deficit and high salt rates in soil and water. These factors can cause mild to severe changes in plant metabolism, depending on the intensity and interaction between them (NILSEN; ORCUTT, 1996) .
Saline stress causes morphological and physiological changes in plants, reducing their growth and trigging oxidative stress, which increase reactive oxygen species (ROS) (GILL; TUTEJA, 2010) . ROS can damage macromolecules and cellular structures and lead to the plant death (BARBOSA et al., 2014) . Plants have an efficient antioxidant defense mechanism to these physiological and biochemical effects, with activation of a complex enzymatic system (BARBOSA et al., 2014) . Oxidative stress is an imbalance between the endogenous rates of antioxidant and oxidant compounds (ROS) (SHARMA et al., 2012) .
The antioxidant system of plants produces a large number of compounds that regulate redox homeostasis, such as the superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) (MILLER et al., 2010) . According to Gill and Tuteja (2010) , SOD is the first defense against ROS, with dismutation of the superoxide radical (O 2
•-) to form hydrogen peroxide (H 2 O 2 ) and molecular oxygen (O 2 ). This H 2 O 2 is then converted to H 2 O by the APX and CAT, since H 2 O 2 accumulation is also toxic to plants. The balance of these enzymes is essential for homeostasis. However, the increase in the antioxidant system activity alone does not result in high crop yields, as reported by Hefny and AbdelKader (2009) , who evaluated 26 sorghum genotypes.
In this context, the objective of this work was to evaluate the biomass production and antioxidant enzymatic system activity of irrigated forage sorghum with saline aquaculture effluent under different leaching fractions. ). An additional nitrogen fertilization (30 kg ha -1 ) was performed 30 DAP. Sowing was carried out in April 2013, and seedling emergency occurred at 7 DAP. A manual weeding was performed at 30 DAP and preventive application of insecticide was carried out at 40 and 60 DAP.
MATERIAL AND METHODS
Irrigations were carried out daily with saline aquaculture effluent through a surface drip irrigation system connected to fish tanks containing black tilapia (population density of 40 fish m -3
). Fifty percent of the water of the tanks were pumped daily to storage tanks for irrigation, and the tanks were replenished. The chemical characteristics of the aquaculture effluent used for irrigation were determined and its electrical conductivity (EC) was monitored with a portable digital conductivity meter, which remained at approximately 2.57 dS m -1 (Table  2) .
Irrigation water depths were calculated according to crop evapotranspiration (ETo×Kc×Kl), using the Kc indicated by FAO (2006) , measured in the period between irrigations, according to the water application efficiency of the system and the leaching fractions tested, using the Equation 1, in which Wd is the water depth (mm), ETo is the evapotranspiration measured in the period (mm), Kc is the crop coefficient, Kl is the coefficient of localization (BERNARDO et al., 2006) , P is the precipitation measured in the period (mm), Ef is the efficiency of the irrigation system (0.9) and LF is the leaching fraction applied (decimal).
Soil moisture was monitored with PR2 probes (Profile Probe PR2, Delta-T Devices Ltd), which are based on frequency domain reflectometry (FDR), previously configured to measure soil moisture at depths of 10, 20, 30, 40, 60 and 100 cm. Moisture readings were performed weekly, approximately two hours after each irrigation. Simple soil samples from the layers 0-5, 5-20, 20-40, 40-60 and 60-80 cm were collected when the sorghum was harvested to determine the EC through the saturated soil paste extract in each layer.
The vegetal material was collected for biochemical analyzes in July, when the plants were Wd = ETo × Kc × Kl − P Ef × 1 + LF at the soft-dough stage. Samples of the leaf blade of the third fully expanded leaf from the apex were collected, stored in aluminum foil envelopes and immersed in liquid nitrogen (N 2 ), then, they were stored at -80ºC until the enzymatic analyzes. The plants were harvested shortly after the leaf material was collected to determine their shoot biomass production. Plants from the evaluation area of the plots were cut at 10 cm from the soil, weighted to determine their fresh biomass, and dried in an oven at 60 ºC to a constant weight, to determine their dry biomass.
The catalase (CAT) activity was assessed by a method based on Havir and Mchale (1987) . A solution of 1.0 mL of potassium phosphate buffer (100 mM at pH 7.5) and 25 μL of hydrogen peroxide (H 2 O 2 ) (1.0 mM) reacted with 25 μL of the protein extract. The CAT activity was determined by the decomposition of H 2 O 2 for 60 seconds with spectrophotometric readings at 240 nm and 25 °C.
The ascorbate peroxidase (APX) activity was determined as described by Nakano and Asada (1981) . A solution of 650 μl of potassium phosphate buffer (80 mM at pH 7.5), 100 μl of ascorbate (5.0 mM), 100 μl of EDTA (1.0 M), 100 μL of H 2 O 2 (1.0 mM) reacted with 50 μL of the protein extract. The APX activity was determined by monitoring the ascorbate oxidation rate for 60 seconds using a spectrophotometer at 290 nm and 30 °C.
The superoxide dismutase (SOD) activity was determined by the protocol of Giannopolitis and Ries 1 EC = electrical conductivity of the saturation extract; OM = organic matter; P = available phosphorus extracted by Mehlich-1; Ca = exchangeable calcium; Mg = exchangeable magnesium; Na = exchangeable sodium; K = exchangeable potassium; Al = exchangeable acidity; SB = sum of bases; CEC = cation exchange capacity at pH 7.0; V = base saturation; FC = field capacity; PWP = permanent wilting point. The data were subjected to analysis of variance (ANOVA), test of means (Tukey) and regression, using the program Sisvar 5.0. When significant interactions between varieties and leaching fractions were found, the variables within each factor were considered, otherwise the independent effect of the factors on the variables was considered.
RESULTS AND DISCUSSION
The shoot fresh and dry biomass of the plants increased with increasing leaching fractions (Figure 1) . Increases in dry biomass as a function of leaching fractions has been reported in peanut (SANTOS et al., 2012) , sorghum (GUIMARÃES et al., 2016) and maize (CARVALHO et al., 2012) , and increases in fresh and dry biomass was also found by Carvalho Junior et al. (2010), who describe the irrigation management with leaching fractions as an efficient alternative to make irrigation with saline water possible. However, the crop tolerance level to salt to determine the appropriate leaching fraction are directly related to the irrigation water salinity and the efficiency of this application depends on physical-chemical and biological interactions of agricultural systems (LETEY et al., 2011) . A proper irrigation management is essential for crop efficiency, since high leaching fractions can reduce crop yield, as observed by Carvalho et al. (2012) , who evaluated irrigated corn yield with saline water (3.3 dS m -1 ), applying leaching fractions of up to 20%.
The variety Sudan stood out with the highest fresh biomass production, and the variety F305 with the highest dry biomass production. The variety Volumax had the lowest fresh and dry biomass (Table 3) . Means followed by the same letter in the columns do not differ by the Tukey's test at 5% probability.
Treatments with leaching fractions of 5, 10 and 15% increased the water availability in the soil layer 0-40 cm to 0.02, 0.05 and 0.11 cm 3 cm -3 , respectively, above the field capacity (FC) ( Figure  2 ). This result denotes the low water flow in this soil, which hinders the drainage and leaching of salts, thus making the application of leaching fractions an even more important factor for irrigated sorghum crops with saline water, since about 80% of its effective root system is distributed in the first 30 cm of soil (MAGALHÃES et al., 2000) . The largest leaching fractions had the lowest electrical conductivity (EC) (Figure 2 ). Studies on beetroot (SIMÕES et al., 2016) and peanut (SANTOS et al., 2012) crops also showed increases in leaching fraction reducing EC and sodium accumulation in the surface layer, and improving salt distribution in the soil profile, confirming the use of leaching fractions as an effective practice to reduce excess soluble salts in the root zone of crops. Reducing EC of the soil increases the area available to plant roots, thus reducing the stress caused by the accumulation of salts.
Reducing EC of the soil with high leaching fractions resulted, in general, in a lower activity of the antioxidant enzymes catalase (CAT) and ascorbate peroxidase (APX) (Figure 3 ). An additional daily irrigation leach salts accumulate in the root zone, since the soil retains water only until reaching field capacity (FC) (ASSOULINE; OR, 2014). Thus, this decrease in soil salinity reduces the stress intensity and consequently, the generation of reactive oxygen species (ROS), decreasing the need for activation of the enzyme antioxidant defense systems.
The low activity of CAT in high EC, as found with the sorghum variety F305 in treatment without leaching fraction (CE>5 dS m -1 ) was also found with the variety CSF-20 subjected to salinity of 4.0 to 8.0 dS m -1 (FREITAS et al., 2011) . Similar results were found in Boehmeria nivea plants subjected to progressive levels of NaCl (2 to 8 g kg -1 ) in the soil (HUANG et al., 2014) . The activity of CAT in the varieties Sudan and F305 increased with salinity, however, subsequently decreasing with increasing salt stress, confirming that the activity of CAT in low saline stress (4 g kg -1 NaCl) could extinguish H 2 O 2 , while under high stress (6 g kg -1 NaCl), the capacity of this this enzyme to eliminate H 2 O 2 is reduced (HUANG et al., 2014) . Very high concentrations of NaCl, especially above 100 mM, cause inhibition of a wide range of enzymes (MUNNS et al., 2002) .
The enzyme APX is also responsible for eliminate H 2 O 2 . The difference in the activity of the enzymes CAT and APX in the three varieties evaluated denotes the different behavior of these varieties in saline environments.
The APX activity in the variety F305 decreased with increasing leaching fractions, denoting a gradual reduction in plant stress. The APX activity did not vary depending on the treatments in the variety Sudan, denoting that this enzyme was not affected in these saline levels. That APX activity in the variety Volumax, which had the lowest biomass production, was inversely proportional to SOD (Figure 4) , this asynchrony between the enzymes APX and SOD indicates a probable accumulation of O 2
•-. The low activity of SOD in this cultivar ( The SOD regression curve of the varieties Sudan and F305 (Figure 4) , as well as the curve of the CAT (Figure 3 ) were parabolic, denoting the synchrony of these enzymes. The highest biomass production of these varieties (Table 3) coincided with the highest SOD activity (Table 4) , and the lowest biomass production coincided with the lower activities of SOD and CAT, which occurred without leaching fraction, resulting in a higher accumulation of salts in the soil. Carrasco-Ríos and Pinto (2014) and Gill and Tuteja (2010) TUTEJA, 2010) . The relationship between SOD activity and H 2 O 2 elimination in sorghum is an important biochemical marker to determine the tolerance of this species to salinity (COSTA et al., 2005) . Means followed by the same letter in the columns do not differ by the Tukey's test at 5% probability.
The enzymatic synchrony of SOD and CAT, observed in the varieties Sudan and F305, is essential to regulate the level of ROS produced in the plant cell, since as the O 2
•-are generated, dismutation occurs by SOD to H 2 O 2 , which is eliminated by the CAT, converting it to water and oxygen.
The efficiency of this process reduces the level of oxidative stress (ASHRAF, 2009 ). Researches with the sorghum variety IPA-1011 in saline conditions indicate that activity of APX is not important to protect this variety against oxidative stress damage (OLIVEIRA et al., 2012) .
CONCLUSIONS
Irrigation with saline aquaculture effluent with leaching fraction of 15% results in lower salinity level in the root zone and higher biomass production of forage sorghum Sudan and F305, in semiarid conditions. The antioxidant system was activated in the three sorghum varieties evaluated to prevent accumulation of reactive oxygen species, with the synchrony between the enzymes superoxide dismutase and catalase resulting in a better productive response of the varieties Sudan and F305.
